INTRODUCTION
IN the Royal Air Force, as in the other Services, and indeed in industry, noise is a problem which has to be tackled principally because of its effects on personnel. In this paper, the problem of noise in the Royal Air Force will be discussed with an eye on circumstances which are largely peculiar to the Royal Air Force; the damaging effects of artillery noise will not be included, as the noise hazard from arms of all calibres is a problem which is common to all three Services. Broadly speaking, exposure to noise for any length of time will produce both fatigue in the individual with lessened work efficiency, and fatigue of the organ of hearing. Finally, if the insult is repeated often enough and for long enough, auditory fatigue will become converted into persistent perceptive deafness. The production of perceptive deafness in boilermakers was described in the middle of last century, but it was known long before that exposure to noise produced deafness under certain circumstances.
We propose to deal principally with the noise of aircraft engines and the effect of this noise on people in different situations, but we shall also consider ancillary equipment in the same light. Experience has shown that with the constant search for more advanced aircraft, of higher ceiling and greater speed, the power of the engine has increased and with it the noise output.
NoISE MEASUREMENT-ANALYSIS-ASSESSMENT Noise measurements are made in order to assess the risk to hearing. The difference between the noise level measured and that believed to be safe is the noise reduction required. The subjective effect of a noise depends on its frequency composition, different frequencies having different effects, certain frequency ranges being heard more easily than others. Other frequency ranges, not necessarily the same, are more damaging to the hearing. The relationship between noise level, frequency, and duration and the resultant effect is extremely complicated so that instruments are not available to give a single figure for the subjective effect of a noise. Instead we measure the total sound level, the variation of level with frequency, and the duration. In practice the sound is divided into frequency bands and the graph of variation of level with frequency is known as a frequency analysis. The subjective effects may then be assessed from these results.
Noise levels are usually quoted in decibels, sound pressure level and the decibel is a LOGARITHMIC measure of the RATIO of the POWER of the sound measured to that of some standard sound level. The subjective effect of noise is more akin to this logarithmic scale than to a linear one.
Typical NOISE HAZARD: ASSESSMENT OF RISK The assessment of the risk of permanent hearing loss from noise has been studied by many workers, in many fields. There remains, as yet, no definite agreement on what constitutes dangerous noise and any assessment is to some degree a matter of conjecture and personal opinion. However, the weight of experimental evidence required to give a definite answer is gradually being accumulated, but the very nature of the task makes this a prolonged study. Kryter (1950) concluded from his own studies and.-those of other workers that the maximum safe intensity at which no deafening effect will occur is probably in the neighbourhood of 85 db. s.p.l. per critical band for long periods'of exposure applied intermittently over months or years. He suggested that, for brief exposures lasting up to one hour, the level could be raised to 100 db. per critical band. He also made it quite clear that a noise must be analysed before its deafening value can be estimated. Parrack (1951) proposed a deafness risk criterion,which showed that he considered the safe level to be 95 db./octave band or less for a wide range of frequencies. Slightly higher levels were allowed at the very low frequencies.
Rosenblith et al. (1953) in ?i comprehensive -study of the problem of noise and man defined what they termed the "damage risk criterion", not only in terms of frequency and intensity, but also of exposure time and character of the noise under consideration. This criterion was adopted later in 1953 by the Benox Group (1953) as their reference standard and has since found wide acceptance. It is shown in Fig with qualifications defining the character, duration, and intensity of the noise-but is considered to be safe for a working lifetime of exposure.
A more recent study of the damaging effect of noise was made by the Exploratory Subcommittee Z24-X-2 of the American Standards Association in their report published in 1954. This implies a criterion lower than that proposed by Rosenblith and his colleagues, but which is not so general in its application and has not received such wide acceptance. It cannot be applied in the assessment of aircraft noise-as the frequency analyses of the noise do not lie within the limits on which the criterion is based.
The noise under consideration is therefore measured, recorded and analysed, and data recorded about exposure time and character of the noise. This analysis is then compared graphically with the damage risk criterion as in Fig. 1 . This shows to what extent the noise constitutes a danger to hearing. f[n the final assessment of the risk, allowance is made for exposure duration if shorter than that quoted. In this way we attempt to assess the risk of deafness for men working in noise.
THE AEROPLANE AND AIRCREWS
When one considers the crew in an aircraft, it will be appreciated that they are situated in a noise field of greater or lesser intensity, depending on the type of aircraft, and that .3
United Services Section 47 they will be exposed to noise for varying lengths of time, depending on the operational role. For example, jet fighter pilots fly in a relatively quiet environment for short periods, whereas transport and maritime reconnaissance crews fly for considerably longer periods in noisier aircraft. The effects of noise can be divided into shortand long-term effects; the shortterm effects are: Interference with communication in flight between members of the crew, or interference with communication over the radio telephone. To this is allied general fatigue, partially induced by noise. Fatigue of the organ of hearing, producing partial hearing loss in flight is by no means uncommon in crews of Shackleton aircraft (Dickson et al., 1953) but, in most cases, the hearing will recover after an adequate rest on the ground. Continued acoustic insult and lack or misuse of protective equipment will perpetuate fatigue into a lasting deafness-the principal long-term effect. Different measures can be adopted to overcome this, for example:
(a) Careful selection of men for aircrew duty. Every effort is made by means of clinical .and audiometric testing to ensure that men engaged for aircrew duty have no hearing loss before commencing training, and those with histories suggestive of susceptibility to noise are also excluded. We have not yet been able to devise a practical and easily worked noisesusceptibility test which could be applied to all entries for air or ground service. (b) The periodic examination of aircrew, both clinically and by audiometry, is extremely valuable, particularly of those men who show themselves to be susceptible to noise.
(c) Examination of the noise itself in the working situation, is of first importance and leads to constructive suggestions both in the shape of protective gear for the men and also such measures as sound insulation of the cabin. This has been done in Shackleton aircraft with a certain amount of success and similar surveys have been done in the Beverley transport aircraft and in the Whirlwind helicopter, where it is hoped that a similar degree of success will be achieved.
(d) Further measures may be taken to protect the individual himself, for example, the issue and wearing of a Type F flying helmet, which was devised at the Institute of Aviation Medicine, Farnborough. Laboratory examination of this helmet has shown that it is effective in reducing the noise falling on the ears, and in many cases, may reduce the noise below the level where it may be considered a hazard. Experiments have recently been put in hand in which a radio telephone receiver is incorporated in a protective ear muff, which is, in turn, built into a cotton helmet (Fig. 2) . With this device we hope to provide effective i. protection for crews of transport aircraft and those employed on maritime reconnaissance. Such a helmet will have the existing advantage of the Type F with regard to clarity of reception on the radio telephone, and'will provide effective acoustic insulation. The sound damping of the cabin in selected aircraft has already been mentioned.
In practice, it is convenient, in the light of present-day requirements, to consider the likely hazard for aircrew employed on different operational duties. Pilots of jet fighter aircraft are unlikely to be exposed to hazardous noise, except when taxi-ing before take off and-after landing, when the cockpit canopy is generally open. The pilot is protected by a Type F flying helmet, the fit and seal of which is ensured by the addition of a protective "bone-dome" or crash helmet. During flight, he is seated well forward of the engine(s) and is operating in a relatively quiet environment.
The situation with regard to present-day bomber crews is much the same, and it should be noted in passing, that the real hazard from engines powering this type of aircraft is to the ground crew who service them. The hazardous effect of noise made itself felt on crews in piston-engined bombers during World War II, when forerunners of the Type F helmet were devised; while as long ago as 1939 the effect of noise on the ears of aircrew was demonstrated by Dickson and Littler.
In Coastal Command, the noise in the cockpit of the Shackleton aircraft has proved a problem and many field surveys have been done, including pre-and post-flight audiometric testing of aircrews in a mobile hearing test chamber, in order that the degree of hearing loss sustained by the ears on an operational flight could be assessed. The present Mark of Shackleton aircraft now has the cabin insulated and, in addition, a small rest room is provided, which lessens the effects of fatigue considerably. In Transport Command, the engines of the Beverley aircraft produce a high intensity noise field, and many complaints have been received from the crews. Following noise analysis, selected aircraft are being sound-insulated.
THE AEROPLANE AND THE PASSENGERS
At the present time, the aircraft used for trooping are the Beverley and the Hastings aircraft, in both of which the noise level in the passenger compartment is relatively high. In the future, when trooping is undertaken by a Comet aircraft, the noise in the passenger compartment will be negligible. The evacuation of casualties is normally undertaken in Hastings aircraft and the provision of ear defenders should be considered in some circumstances.
THE AEROPLANE ON THE GROUND
Today, the power of aircraft engines has increased and it would be opportune at this time to mention the types of aircraft engine which are now in use and to compare the noise emanating from them. The first of these is:
(i) The piston engine, which can produce up to 120 db. s.p.l. overall.
(ii) The turbo-prop with a sound pressure level of 120 to 125 db. s.p.l. overall.
(iii) The turbo-jet engine with a noise output of 125 to 133 db. s.p.l. overall.
(iv) The turbo-jet with after-burner has a noise output of up to 150 db. s.p.l. overall.
(v) Rocket motor (assisting jet take-off) up to 150 db. s.p.l. overall. THE EFFECT OF NOISE ON GROUND PERSONNEL AND ITS CONTROL It is the ground personnel who are now most exposed to the noise hazard from engines.
Regrettably, many men employed in the aircraft engineering trade group do become very used to working in noisy situations. This is probably due, on the one hand, to familiarity with the working conditions, and also, on the other hand, to the insidious onset of deafness. Where the hazard has been explained to these men, and when efficient and effective protective devices have been shown them, such devices have been received with enthusiasm.
Broadly speaking, ground crew are liable to be exposed to hazardous noise in all phases of the aircraft's movement on the ground, namely taxi-ing, take-off and landing. Those employed on first and second line servicing and also those employed in maintenance units on the servicing of engines, are undoubtedly exposed to hazardous noise (Figs. 3 and 4 ). For   FIG. 4. -A diagram illustrating the position in and around a Vampire aircraft of the ground servicing crew, and the total noise level in their working situation when the engine is running at maximum r.p.m. those employed on first and second line servicing, the exposure per working day is not, of necessity, great, but, nevertheless, the men need protection; on maintenance units, however, where engines are run on test beds, the hazard is considerably greater and all men working on such sites must be adequately protected.
The problem can be tackled along the following lines: (a) Propaganda disseminated by the Medical Officer and the Senior Technical Officer on the hazardous effects of noise and its consequences. This may also be supplemented by visual instruction and a film is now being made for showing to all ground personnel who are likely to be affected by noise.
(b) The periodic check of the hearing of men in exposed situations is necessary, and, allied to this, one must emphasize the desirability of using "individual pure tone" or "group audiometry" before the man starts in employment and at regular intervals during Ihis working life, in order that deterioration in the hearing acuity may be discovered early.
(c) Protection for the ears of the individual is an absolute necessity under these circumstances, and, until recently, a small plastic plug was supplied. This was found effective to a certain extent (Dickson et al., 1954a), but was not wholly adequate against the damaging effect of high intensity noise from jet engines. As a result, the protective ear muff devised by the National Research Council of Canada was adopted, with certain modifications, and is now in production in this country and being distributed for use by ground crews.
(d) The rotation of crews may also be considered, where unprotected or partially protected men are working in very high intensity noise levels for periods which would appear to be hazardous. By this it is quite feasible that, although men would be exposed to high intensity noise, individually they would not be exposed for a period likely to cause permanent damage. This is a technique which may have to be considered for men working on newer forms of propulsive equipment which are now being devised.
(e) Mufflers and silencers for engines can be used in an attempt to reduce the noise at source. No wholly effective portable muffler of a type likely to find universal acceptance has been devised as yet and the most effective mufflers are generally those which are static and built in to a muffling pen. 6 EFFECT OF NOISE ON OPERATIONS Noise may have an adverse effect on the conduct of flying operations, principally through interference with communications and the effect of this is likely to be felt in the control tower, the briefing room and some administrative offices. It is our experience that on some airfields the control tower is extremely close to the servicing pans, when the air traffic controllers are exposed, not only to a noise level which makes communication and the reception of verbal signals virtually impossible, but to one which may itself be hazardous to the hearing. It is also within our experience that on some airfields the general administrative offices which control day-to-day life on the station are subject to noise during the time that aircraft are operating from the airfield to an extent that the efficiency of those working in them must suffer. The problem can be tackled on general lines by careful attention to the site and layout of airfields, and to the alteration of the flight pattern, if this is at all possible, in order that affected areas on the airfield may have some relief. Control towers are a problem in themselves and require careful siting and effective sound insulation. The adverse effect of noise on aircrews trying to sleep should not be forgotten.
EFFECT OF NOISE ON THE CIVIL POPULATION
It is only on rare occasions that noise falling on a civil population is actually liable to be a hazard to the hearing. The situation of Royal Air Force airfields is such that only relatively small communities are likely to be affected. The annoyance value of noise, however, is one experienced over a relatively wide area surrounding any airfield. It affects particularly those areas related to the servicing pans or to the ends of the runway. Such areas will either have constant annoyance during servicing or, when flying operations are in progress will be intermittently subjected to noise of high intensity, depending on their relation either to the runway or the flight pathway. The problem may be tackled by attempting to reduce the noise at source by the use of silencers, mobile or static mufflers, or by the use of noise muffling pens, and by the alteration of the flight pattern.
Pens have proved of great value at airfields where aircraft are ground tested before flight and delivery. They have the advantage that the noise is contained and the efflux is discharged into a large Cullum muffler. The disadvantage of this equipment is that each type of aircraft requires its own individual pen; for instance, a Hawker-Hunter fighter will not fit into a Gloster-Javelin muffling pen. From the point of view of present operational requirements in the Air Force, it is quite impracticable, therefore, to consider erecting such pens, at heavy cost, when the squadron for whom they are intended might well be moved. It is possible that with the standardization of fighter aircraft equipment during the next few years such an ideal will be realized, when we may have the muffling device for the standard fighter supplied to operational airfields.
The use of deflecting walls has met with only partial success, in that there is no absorption of sound. The noise is deflected, possibly to fall on an area hitherto unaffected. Walls have the further disadvantage with large aircraft that to be effective even locally they must be relatively high.
Probably the most important factor with regard to the alleviation of the annoyance of noise is a good public relations service. This has been well developed in the United States Air Force and every effort is being made within the Royal Air Force on similar lines, whereby responsible persons in civil communities and the community itself are informed of the efforts being made to control the noise; of the difficulty in siting dispersals and in reducing noise at source and of the necessity for maintaining a fully equipped and efficient fighter and bomber force.
It should be mentioned, at this stage, that the muffling of engines in flight is virtually an impossibility. The amount of benefit conferred by such a silencer would be very small in terms of sound reduction, while, at the same time, the efficiency of the engine would be reduced. From an operational point of view this is a technique which cannot be considered; but the noise from aircraft in flight produces problems of its own which can only be tackled by changing the flight pattern and the flight pathways.
OTHER NOISE SOURCES So far we have concentrated entirely on the aircraft engine as being the source of damaging or annoying noise, but mention should also be made of auxiliary equipment used in connexion with aircraft, for example, starter motors and generators. These, particularly if used in an enclosed space, can produce noise levels which would be damaging to the unprotected ear. During repair of aircraft, such procedures as riveting, sand-blasting, metal spraying and vapour blasting may all produce a work situation in which the sound is hazardous and in which the workers require protection. THE CARE OF THE DEAFENED It is pertinent to enquire at this stage into the management of those who have suffered damage to their hearing as a result of exposure to noise. In the first instance they are examined by an otologist to assess the degree of deafness. The individual is then moved away from work in a noisy environment for a period of at least three months. This is followed by re-examination by the otologist to assess the degree of recovery or permanent injury. Where recovery occurs the man is returned to his employment adequately protected, and checked periodically to assess his progress.
When recovery fails to occur the choice lies between re-mustering the man to a trade in which he will not be unduly exposed to noise, or a return to work adequately protected.
The latter course is only justified in skilled, highly trained individuals-and must be accompanied by close and regular supervision to detect further deterioration in the hearing. Further hearing loss in such a person will necessitate re-mustering in order to preserve him from severe perceptive deafness, normally associated with persistent and aggravating tinnitus. It must be emphasized that no effort should be spared to save these men from the unhappy lot of irreparable deafness in their later years.
THE FUTURE
The future is shadowed by many problems in this field. With the existing policy pointing to a standard fighter and standard types of bomber, it is possible that development of engines for military use will cease. However, if, as seems more likely, their development continues, to what levels will the noise increase? The use of mobile silencers and mufflers is practically in its infancy and much research is still required to produce an effective muffler for each engine during ground running. Such a mobile muffler will be the answer to many difficulties. The use of rocket missiles introduces many of the problems attendant on the use of artillery, whose role they fulfil. Rocket-powered aircraft will bring similar difficulties in their wake. The use of aircraft employing vertical take-off is still in an experimental stage. Development on these lines is progressing; and while it is possible that the noise initially will be greater, it should be more localized.
Finally, how next do we protect the man? We believe that with the existing ear muff, the Royal Air Force Mark III, we have an adequate defender affording the best degree of protection against existing noise. It is unlikely that any other muff would give more effective protection against greater noise. At first sight, it seems logical to encase the head in a helmet, in an attempt to stop the conduction of high intensity sounds through the bone. The entrance of sound to the body, and its conduction within the body, is a problem which now faces us. On the information which we get from this work, so shall we be able to decide the best means of protecting the individual either by helmet, suit or by an individual cell fitted with remote control. Above all, we must remember the man, who must work while wearing these protective devices.
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We wish to thank the Director-General of Medical Services, Royal Air Force, for permission to publish this paper. gated; it is perhaps opportune to embark on some research project to obtain some clear-cut information. I want to stress again the importance of pre-employment examination by pure-tone audiometry of all those about to embark on a noisy occupation. But to be of any value it must be carried out under standard and controlled conditions by individuals conversant with the application of the test. Only by periodical surveys will we be able to determine who are the individuals most susceptible to noiseand also the effects of noise in aggravating any pre-existing hearing loss.
In the final assessment of noise-induced hearing loss we must recognize that the ability to hear and understand everyday speech is what we are really interested in when we formulate a percentage figure in hearing loss, and the means for assessing it.
Speech is the thing that is really important about the sense of hearing. We are dealing with the function of receiving speech, the receiving of auditory communication. It is not an anatomical proposition dealing with extremes of hearing either extremely high or extremely low tones or even the very greatest degree of sensitivity, but it is the ability to receive speech. This puts certain limits on the frequency range in which we are interested and means that certain parts of the frequency range are more important than others. If we accept this general principle we at least have a foundation from which we can start in an attempt to assess the disability incurred by exposure to intense noise. We cannot propound a concept of hearing loss due to noise without some means of assessing its effects on social adequacy. Surgeon Captain C. N. H. Joynt enquired whether ear, nose and throat specialists in the Royal Air Force encountered much clinical deafness due to high intensity noise generated by aircraft in the course of their normal practice. He had not encountered many cases over a good many years as an otologist in the Royal Navy and this was also the current experience of ear, nose and throat specialists at Naval Hospitals whose experience on this point had recently been ascertained.
Wing Commander King, in reply, said there was no doubt that the time was coming when the disability resulting from deafness would be the subject of a new assessment and that many of the factors mentioned by Air Vice-Marshal Dickson would have to be taken into account.
In reply to Surgeon Captain Joynt's query he said that a full survey was being instituted to obtain further information on this aspect of the problem. It was not the practice in the Royal Air Force to invalid deaf personnel, if this could be avoided, but rather to employ them on other duties where they would not be exposed to further risk of cochlear damage. He pointed out that, on account of the more dramatic onset, a man was much more likely to report deafness resulting from gun-fire than from repeated exposure to the noise of jet aircraft, of which. because of its gradual onset, he might be unaware.
